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Methods and compositions for assay ^'niy mutatinng tn nucleic acids 
The present invention concerns improved methods fot assaying mutation(s) in 
nucleic acids, in particular point mutation in nucleic acid in duplex foim. 

Recent developments in genomics have raised considerable hopes for 
5 improvements in human health and biotechnology. 

In medicine, for instance, the understanding and diagnosis of genetic diseases 
and cancers, or the study of infectious organisms^ rely more and more on analysis of DNA 
and nucleic acids. 

Biotechnology is also more and more dependent upon molecular genetic and 
10 nucleic acids high throughput analysis. In particular, mapping of genetic differences 

between individuals is of growing importance for forensic investigations, medical 

applications, biotechnology and food industry. 

For example, detecting mutations leading to abnormal proteins can be essential 

for identifying the genetic origin of a disease, A number of inherited pathological 
15 conditions may be diagnosed before onset of symptoms, using methods for structural 

analyses of DNA. In cancer research, for example, the search of mutations in BRCAl and 

BRCA2 genes, recognized to lead to strong increase in breast cancer, is now performed on 

a large scale. The gene APC is also known to lead to strong predisposition to colorectal 

cancer. Genetic screening can also be performed at an early age> or even in utero, for 
20 numerous heritable diseases. At present, 700 genetic diseases have been identified among 

which Hialassemia or myopathy. 

The identification and detailed analysis of acquired genetic disorders, such as 

arising in particular in cancer^ is also raising the hopes of more efiScient and personalized 

treatments^ by means of "genetic mapping" of tumors. Large scale genetic screening of 
25 mutations and genetic variability^ also called "genotyping'', is also of paramount 

importance for detemining correlations between diseases and genes, in order to find new 

targets for therapy, in a pharmacogenomic approach. 

Genetic screwing can also be used for detecting pathogens, including identification 

of specific pathogenic varieties in medicine, food industry, veterinary or bioterrorism 
30 applications. For example, in food industry, tlie detection of genetically modified organism 

'*GMO" in starting material or foodstuff is an increasmg concern. 
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A need exists, th€areforc for a methodology to detect mutations in a DNA 
fragment relative to the wild type in an accurate, reproducible and reliable manner. 

DNA molecules are linear polymers of subunits called nucleotides. Each 
nucleotide comprises a common cyclic sugar molecule^ which is linked by phosphate 
5 group to the sugar of the adjoining nucleotide, and one of flie different cycHc substituants 
called bases. The combination of the phosphate and base is called a nucleoside. The four 
bases commonly found in DNAs from natural sources are adenine, guanine, cytosine and 
thymidine, hereinafter referred to as A, G, C and T, respectively. The linear sequence of 
these bases in the DNA of an individual is its "genome'\ It involves coding regions, which 

10 bear the information for synthesis of proteins^ regions for regulation of gene expression, 
and so called "non-coding" regions^ the role of which being not fully understood. 

In double-stranded DNA, the form adopted by DNA in the chromosomes of all 
cellular organisms, the two DNA strands are entwined in a precise helical configuration 
with the bases oriented inward, allowing interactions between bases from opposing strands* 

15 The two strands are held together in precise alignment mainly by hydrogen bonds which 
are pemiitted between bases by a complementarily of structures of specific pairs of bases. 
This stmctural complementarity is determined by the chemical natures and locations of 
substituents on each of the bases, leading in particular to a definite number and orientation 
of hydrogen bonds. Thus, in double-stranded DNA, normally each A on one strand has an 

20 attractive interaction with a T from the opposing strand, involving two hydrogen bonds, 
and each G has an attractive interaction with an opposing C involving three hydrogen 
bonds. In principle, they insure that DNA molecules are replicated and precise copies are 
parsed on to the cell descendants during cell reproduction (mitosis), or to the ojBFspriug of 
the individual, when replication concjerns the gametes (nieiosis). 

25 Occasionally, an incorrect base pairing does occur during replication, which, 

after further replication of the new strand, results in a double-stranded DNA offspring with 
a sequence containing a heritable single base difference from that of the parent DNA 
molecule. Such heritable changes are called genetic mutations, or more particularly in the 
present case, "point mutations". Mapping of genetic mutations involves both the detection 

30 of sequence differences between DNA molecules comprising substantially identical (i.e,, 
homologous) base sequences, and also the physical localization of those differences within 
some subset of flie sequences in the molecules being compared. Variations in the DNA 
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sequence may ako affect non-coding regions. In particular^ highly variable such as short 
tandem repeats (STR) or Single nucleotide polymorphism (SNP), exist in non-coding 
regions, and are very xisefial in genotjT^ing. 

Detecting point mutationS:, and in particular substitutions, is particularly 
challenging, because they are very localized, and in many occurrences their position cannot 
be known in advance. Actually, for many mutations associated with diseaseSj, the exact 
location of the mutation is not known a priori,, and the whole coding sequence of the gene 
(generally representing sev^al thoxisands or tens of thousands of bases) must be screened 
completely. 

The most prominent technologies at present for nucleic analysis are capillary 
electrophoresis and hybridization arrays, also called *T)NA or RNA chips". The two 
techniques are rather complementary: Hybridization methods are well adapted to ultra-high 
throughput and semi-quantitative evaluations on small sequences, whereas electrophoresis 
remains unchallenged for high resolution, for r^roducibiHty and for the analysis of large 
molecules or fragments. Other systems, called "laboratories-on-chips" or "microfluidic 
systems", are also under development, and bear the promise of simpler, more cost-effective 
and more high-througjiput analyses in the analysis of nucleic acids. 

If the position of the mutation is known, one mostly uses single nucleotide 
primer extension, hybridization arrays^ or quantitative PCR. 

In single nucleotide primer extension, a sequencing reaction is perfcnmied, in 
conditions in which extension fiom the primer can start only if a given base (A,Tj,G, or C) 
follows the primer. The same reaction is performed for each base, and detection of 
ext^ion is performed by a conventional sequencing electrophoresis. 

In hybridization arrays, different '*probe*' DNA ftagments or oligonucleotides 
encompassing the point mutation, and bearing all expected mutations, are arranged in a 
array on the surface of a "chip**, and put in presence of the target nucleic acid to test (DNA 
or RNA), With suitable hybridization conditions, it is expected that the target will 
hybridize only with the probe bearing the exactly complementary sequence, thus 
identifying the sequence of the target The main difficulty with this approach, is that the 
hybridization energy difference between the mutated and the normal (wild type) probe can 
be rather low, especially in the case of substitutions. It is thus difficult to find optimal 
conditions to get "yes or no'* answers, and the difference in signal can be rather faint. This 
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difSculty, combined wifihi the relatively low reproducibility of hybridization arrays, leads to 
a significant error rate. In addition, the hybridization fiee energy depends rather strongly 
on the sequence. It is for instance, higher for sequences with a high GC content Thus, a 
duplex with a high GC content and a mismatch, may have an affinity actually higher than a 
perfect duplex with the same length, but a low GC content. It is thus very difficult, if not 
impossible, to achieve a unique set of hybridization conditions (temperature and buffer) for 
testing in parallel many different sequences m a single array. 

Various approaches have been proposed to improve the selectivity between 
matched and mismatched pairs in hybridization arrays. In Maskos et al.. Nucleic Acids 
Research, 21, 4663-4669, 1993, for instance, the effort was applied to the choice of 
stringency of the buffer, but only with limited success. In Chiari et al., (m»CE 2003, San 
Diego, CA, Jan 17-22, 2003) a hybridization mefliod is proposed, in which DNA probes 
are replaced by pepHde nucleic acids (PNA). PNA are nucleic adds homologs, presenting 
a peptide (instead of phosphate) backbone. The hybridization enagy per base pair is higher 
15 in a PNA/DNA pair than in an equivalent DNA/DNA pair, because the PNA backbone is 
neutral, so that electric repulsion is suppressed, ft also appesas that the use of PNA allovra 
the use of shorter oUgonuoleotides, thus increasing the association energy difference 
between matched and mismatched pair, in the case of point mutations. PNAs, hovrever, are 
very expensive, and the main strategies for constructing high density arrays are not 
transposable to the PNA chemistiy. In WO 00/56916, Mogens et al. describe the use of 
another class of DNA analogs, lodced nucleic acids (LNA). LNAs are nucleic acids in 
vvhich the backbone is bi-cyclio. LNAs have a strooger afSnity to complementary DNA 
than natural DNA. and also exhibit higher selectivity vexsus mismatches. However, the 
difficulties raised by PNA, such as cost and difficulties to make high density aixays are 
25 also present for LNA. 

In feet, primer extension or hybridisation methods appear to be not well 
adapted to the search of mutations which position on the genome is not known. 

AccoTxiingly, prior and unportaut efforts have been exerted in order to find 
efficient, fast and inexpensive methods for the detection of point mutation by capillary 
eleotrophoresis.(for review, see e.g. Righetti, P.O., Gelfi. C, in " Analysis of Nucleic 
Acids by Capillary Electrophoresis, HeUer, C, Ed., Chiomatographia CE series. Vol 



20 
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IVieweg press, 1997, 255-271,). The major techtiiques presently available are termed 
"Direct sequencing" and "Single Strand Conformation Polymorphism (SSCP)". 

In the approach "Direct sequencing" the whole gene is sequenced totally for 
each patient, a powerful but costly method. In addition, due to the presence of 
heterozygolhy, mutated patient sequences are not « pure », and the interpretation of data is 
not as straightforward as for conventional sequencing. Most importantly, this method is 
long and costly, since the whole gene and the flanking regions must be entirely sequenced 
for eadi patient or individual to screen. 

In the approach, "Single Strand Conformation Polymorphism" (SSCP) which 
has been extensively used because of its simplicity, double-stranded. DNA is denatured, 
and then renatured r^dly in conditions such that eadi single strand collapsed on itself. 
The mobility diflferences between the native and the nmtated strands are then analysed by 
electrophoresis. Unfortunately, the mobilily difference can vary a lot depending on the 
specific sequence of the DNA, and on the position of the mutation. For instance, a 
mutation driving DNA folding into a different path wiU lead to a strong difference m 
mobilily, whereas a mutation, e.g. at the tip of a loop, will lead to essentially no change. 
This lack of consistency 'm the sensitivity makes this technique not veiy attractive for 
diagnosis, since it yields a relatively high number of felse negatives. In WO 00/20853, an 
improved SSCP method is proposed, in which several SSCP separations with selected 
conditions are performed on each sample. Sensitivity is significantiy improved, but the 
duration and complexity of the analysis is also mcreased considerably. 

At last, it is noticed tiiat a series of other mutation detection metiiods is based 
on the formation or dissociation of heteroduplexes. 

A heteroduplex as opposed to a homoduplex is a double stranded DNA which 
base sequence of one strand is not entirely complenMsntary to the base sequence of tiie 
other strand. In otiier words, it contams at least one base pair which is not conq)Iementary, 
also termed "a mismatch". A heteroduplex can be fonned during DNA replication when an 
eiror is made by a DNA polymerase enzyme and a non-complementaiy base is added to a 
polynucleotide chain being repUcated. A heteroduplex can also be formed during repair of 
a DNA lesion. Further replications of a heteroduplex will, ideally, produce homoduplcxes 
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which are heterozygous, i,e, these homoduplexes will have an altered sequence compared 
to the original parent DNA strand, 

A majority of genetic diseases or genetic predisposition to diseases are such 
that affected persons have precisely for the involved gene one normal copy and one 
5 mutated copy. When a DNA firagment including the location of the gene is amplified by 
PCR, bofh genes are amplified. When the amplified DNA is denatured and then renatured 
slowly, 4 different types of duple;: DNA are obtained^ i.e.: two homoduplexes, 
corresponding to the DNA of the two intial alleles (the normal one and the mutated oneX 
and two heteroduplexes, mixing one strand &om one allele and the (almost) 

10 complementary strand from the other allele. These heteroduplexes contain, at the location 
of the mutation, a mismatch "bubble" These mismatches "bubbles" are ^nerally searched 
by one of the following techniques: 

In the method termed "Denaturating Gradient Gel Electrophoresis (DGGE)% 
duplex DNA are separated in a gel containing a gradient of denaturating coiKlitions, so that 

15 they will melt during electrophoresis. Since the mobility of duplex and melted DNA is 
different, this method is very sensitive to the exact position of the melting. Heteix)duplexes 
tend to melt fiaster than the corresponding homoduplexes, and can be distinguished this 
way. Various variants of this technique, in gel or capillary format, have been proposed, and 
some achieve high sensitivity. However, duplexes with different base pair contents meh at 

20 different temperatures, so that for each fragment the gradient range must be accurately 
adjusted. In addition, the preparation of the giadient gels is itself quite demanding and 
labor-intensive^ so that the use of this technique for diagnosis or large scale screeniog is 
impractical. 

Others techniques based on enzymatic or chemical cleavage^ by e.g. cleavase, 
25 T4 endonuclease^ or Osmium Tetroxyde, were also proposed. The principle of enzymatic 
cleavage, described e.g. in US 1996/07 14626 is to obtain cleavage specifically at the pomt 
of mismatch, and to analyse in fine the size of the fragments* High sensitivities were 
reported, but this tecdinique implies extra chemical steps and, as for SSCP, the reaction is 
sequence dependent. A related method, described in US 1994/03346 12, mvolves 
30 recognition of the mutation by specific proteins, and analysing the resulting DNA-protein 
complex. This method, too, involves expensive enzymes, and the protocol is quite 
complex. 
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A third niefho4 termed "chromatography in a gradient of denaturating 
conditions" (DHPLC) obeys to a principle relatively similar to that of DGGE, but the 
gradient of denaturating conditions is temporal, and can be automated on a HPLC 
apparatus. The renaturated (homoduplexes and^ when relevant^ heteroduplexes) DNA are 
5 adsorbed on a HPLC column, and the denaturation of DNA (which occurs slightly eatUer 
for heteroduplexes) leads to the release of the DNA, and to detection at the output of the 
column, (see e.g, Wagner, T., Stoppa-Lyonnetj, D., Fleischmann^,, Muhr^ D«, Pages, S** 
Sandberg, T,, Caux^ V., Moeslinger, R., Langbauer, G.^ Borg, A., Oefher, P,, Genomics, 
1999, 62, 369-376)* However^, the whole process of DHPLC is long when large genes have 
10 to be screened, because of the sequential nature of HPLC, which can analyse only one 
sample at a time. 

An improvement of the DHPLC method is proposed in WO03/031580, This 
invention concerns a chromatographic method for separating heteroduplex and 
homoduplex DNA molecules in a test mixture. In one embodiment, the method includes: 

1 5 (a) applying the test mixture to a reverse phase separation medium; (b) eluling the medium 
of step (a) with a mobile phase comprising at least one nitrogen-containing mobile phase 
additive, wherein the eluting is cairied out under conditions effective to at least partially 
denature the heteroduplexes and wherein the eluting results in the separation, or at least 
partial separation, of the hetMX>dx^lexes from the homoduplexes. The eluting is preferably 

20 earned cut at a pre-selected concentration of the additive and at a pre-selected temperature. 
Examples of a prefOTed nitrogen-containing additive include betaine, tetra methyl 
ammonium chloride, tetraethyiammonium chloride^ triethylamine hydrochloride, and 
choline. This improvement increases the sensitivity of DHPLC for point mutations difficult 
to detect, such as A/T substitutions, but it does not improve on the speed of separation, nor 

25 relieves the tedious requirement of having to adapt the denaturating gradient for each 
ftagment to analyze. 

Another method, termed ''Electrophoretic Heteroduplex Analysis", (EHDA) 
directly measures, by electrophoresis in non-denatumting conditions, the difference in 
mobility induced by a « denaturation bubble » or « loop » associated with the mismatch 

30 appearing in heteroduplex pairs. When die sample is sepamted by electrophoresis in non- 
denaturing conditions, the presence of a local ^'mismatch bubble" on the heteroduplex 
molecules leads to a difference in geometry of flexibility of the double strand, which leads 
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to a difference in mobility, as compared to the homoduplex^. If the DNA to analyse 
presets a iK>rma} duplex fiagmmt and a mutated £agment (i.e. if the organism fix»in which 
the DNA is extracted is hetero:^gote for the corresponding DNA fragment), a multiplicity 
of peaks (two to four) will appear in the eiectrophoregram. The power of the EHDA 
method relies mainly <»i the ability to detect the slight difference in migration velocity, due 
to the presence of mismatdi bubble. This technique is simple, and fast, but up to now its 
detection sensitivity was weaker than that of DGGE or DHPLC, and was not considered 
suitable for diagnosis. 

Improvement to this method has consisted to use additives such as urea, known 
to lower the melting point of duplex nucleic acids and increase the size of denaturation 
bubbles. However, such additives actually lead to a decarease in the resolution of 
mismatches as illustrated in the following example 5. 

Another kmd of improvement to EHDA mvolves the use of a liquid separating 
medium comprising block copolymer(s) with an acrylamide backbone and PDMA side- 
chains for electrophoretic separation of horaoduplexes and heteioduplexes. The PDMA 
block, rather hydrophobic, is used to attach the polymer to the wall, and the backbone, 
hydrophilic, extends in the buffer like a "brush" and rqpels othest niacromolecules (Barbier, 
Fr. Pat AppL 00/08526 mcluded here by referaice). This allows a better resolution than 
conventional EHDA, and a seositivity to mutations oonqjarable to DHPLC. In addition, 
this method can be implemeated in capillary array electrophoresis, thus leading to high 
throughput. However, in spite of this improvement, not all mutations can be detected, and 
further improvements are necessary. 

At last, US 2002/0055109 discloses a method of isolation of heteroduplexes 
contauiing at least one mtaaial single stranded region with a single-strand binding protein. 
The single-sliand bindmg protein having a preferential af^iity for single stranded DNA 
compared to double stranded DNA is selected from the E. coll SSB, the product of gene 
32 of phage T4, the adenovmis DBP and the calf thymus UPl. However, such a method is 
not suitable to detect veiy local mutations, such as those relative to a single base mismatch, 
or to an insertion or deletion of only one nucleotide or a very small number of nucleotides. 

Accordingly, tiiere is still a need for a simple and very specific method for 
directiy detecting at least one single base difference in nucleic acids such as geawmic DNA 
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in which detection steps axe Txiinimized resulting in a method which may be performed 
quickly, accurately and easily with minimal operator skills. 

It is precisely an object of the invention^ to provide new methods for improving 
the detection of mutations, in particular unknown mutations^ in nucleic acids. 
5 In one of its aspects^ the invention concerns a method for assaying the presence 

or the absence of at least one mutation on a strand of nucleic acids paired in a duplex form 
comprising at least the steps coi^isting of: 

contacting in a liquid medium said duplex, suspected to include at least 
one mismatch, with at least one compoimd able to undergo a specifio base pairing 
. 1 0 int^ction with said mismatch^ said compound being at a concentration of at least 1 g/1 of 
said medium and, 

assaying for said mismatch by an analytical method. 
The strands of nucldc acid paired in a duplex form are two DNA strands which 
are in all or in part complementary. 
15 According to one embodiment^ the method of the invention involves flie use of 

an elecftophotetic analysis as an analytical method. 

According to anoth^ embodiment, the method of the invention involves the 
use of hybridization arrays, like DNA chips for example, as an analytical metiiod. 

The instant iavention concerns, according to another aspect, a method for 
20 performing Electrophoretic Heteroduplex Analysis "EHDA" on a nucleic acid sample 
suspected to include at least one heteroduplex said method comprising at least the steps 
consisting of: 

contacting in a liquid medium said nucleic acid sample suspected to 
include at least one heteroduplex, with at least one compound able to undergo a specific 
25 base pahing interaction with at least one mismatch of said heteroduplex, said compound 
being at a concentration of at least lg/1 of said medium, 

assaying for the presence of said heteroduplex thanks to its electrophoictic 

mobility. 

In the case where the nucleic acid sample initially includes homologous strands 
30 corresponding to different alleles, the method accordmg to the invention comprises a 
preliminary step of denaturating the nucleic acid sample and renaturating it in conditions 
convenient to achieve both heteroduplexcs and homoduplexes. 
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In another asfpect, the invention concerns a method for assaying the presence or 
the absence of at least one mutation on a single strand of nucleic acid in a liquid medium 
and comprising at least the steps consisting of: 

a) contacting said nucleic acid suspected to include at least one mutation 
5 with at least a nucleic acid probe grafted an a solid support, 

b) allowing the hybridization of at least a part of said strand of nucleic acid 
with the grafted nucleic acid probe, 

c) washing non-hybridized strands, and 

d) assaying for said mutadon by an analytical method, 

0 wherein the steps a) and/or c) are performed in the presence of at least one compound able 
to undergo a specific base pairing interaction with a mismatch^ said compound(s) being at 
a concentration of at least lg/1. 



20 



The methods according to the invention are particularly usefid for either the 
15 diagnosis of the predisposition to diseases associated or putatively associated to specific 
point miitation(s) or flie diagnosis or prognosis of such disease(s). 

Accordingly, fbe instant invention ftirther related to their uses in the diagnosis 
of predisposition to genetic diseases or cancers or the diagnosis or prognosis of said 
diseases or cancers. 

The mvention also relates to the use of said methods in therapy of said 

diseases. 

In particular, concerned diseases may include many cancers as soon as they are 
associated or putatively associated to specific point mutation(s) such as melanoma, ocular 
melanoma, leukemia, astrocytoma, gUoblastoma, lymphoma, glioma, Hodgkin's 
lymphoma, multiple myeloma, sarcoma, myosarcoma, cholangiocaicinoma, squamous cell 
carcinoma, and cancers of the pancreas, breast, bram, prostste, bladder, thyroid, ovaiy, 
uterus, testis, kidney, stomach, colon and rectum. 



25 



According to another aspect, the instant mvention concerns a method for 
assaying a nucleic acid for mutation comprising at least fee st^s consisting in: 

- performing a polymerase chain reaction on said nucleic add in the 
presence of at least two primers and a pool of compounds able t» undergo specific base 
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pairing interaction with nucleotides or analog thereof, said compounds being at a combined 
concentration of at least 1 g/1 and being unable to interfere with the polymerase chain 
reaction and, 

analysing and/or quantifying the so-obtained DNA fiagments. 

According to another aspect, the present invention provides a composition 
including at least a compound able to unidergo specific base pairing interaction at a 
concentration of at least Ig/U and a pair of molecules or groups acting as a DNA probe 
called "molecular beacon", wherein said compound is as defined according to the 
invention. 

In a preferred embodiment, at least one of the molecules or groups involved in 
the molecular beacon pair is associated with a nucleic acid or nucleic acid analog. 

According to another aspect, the present invention also provides a composition 
including at least a compoxmd able to undergo specific base pairing interaction at a 
concentration of at least lg/1 and at least a polymer compound said polymer being as 
defined according to the invention. 

In particular, the present invention is also directed to a kit useful for the 
screening of a nucleic acid or analog thereof having a nucleic sequence related to a gene on 
which point mutation(s) has been associated or putatively associated with a disease or an 
increased predisposition to a disease, said kit comprising at least a composition as defined 
previously i.e, including at least a compound able to undergo specific base pairing 
interaction at a concentration of at least lg/1 and a polymer, as defined according to the 
invention. 

In particular, the kits according to the invention are particularly useful for the 
screening of the human breast cancer predisposing genes, (BRCA) like BRCAl and 
BRCA2, for mutations. 

According to another aspect, the present invention also provides a compositilQU 
including at least a DNA fi-agment having a nucleic sequence related to a gene on which 
point mutations have been associated or putatively associated with a disease or an 
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increased predisposition to a disease, and at least a compound able to imdergo specific base 
pairing interaction at a concentration of at least Ig/J. 

In particular, such a composition may include at least a DNA fragment having 
5 a nucleic sequence related to a human breast cancer predi^ositton gene (BRCA) and at 
least a compound able to undergo specific base pairing interaction at a concentration of at 
least Ig/L 

COMPOUNDS ABLE TO UNDERGO SPECIFIC B ASE PAIRING 
10 INTERACTIONS 

According to the invention, ^'compound able to undergo specific base pairing 
interaction'' in particular with a nucleotide involved in a mismatch, includes any compound 
presenting at least two groups suitable for hydrogen bonding, in an orientation, polarity 
and spacing compatible with the creation of attractive interactions with at least one of the 
15 "bases" A, T, a U or C, 

According to the invention a compound able to undergo specific base pairing 
interaction with said mismatch is in particular a compound able to undergo a specific base 
pairing interaction with the nucleotides formed with the bases Aj» C, U. 

In others words, the compounds consido^d according to the invention, arc 
20 capable of exhibiting an interaction specifically directed towards at least one specific base. 
For example, some compounds may exhibit a specific base pairing interaction for adenine, 
and other compounds for cytosine. 

A compound, according to the invention, may be used alone or in mixture with 
one or several other compounds able to undergo specific base pairing interactions with the 
25 base(s) of the nucleic acid($) involved in the mismatch of a heteroduplex. 

in a preferred embodiment^ the compounds are chosen such as fhey caimot be 
incorporated into the en2ymatic polymerisation of a nucleic acid, such as perfomied e.g. by 
the action of a polymerase on a single-strand template. Accordingly^ said compound is 
30 unable to interfere with polymerisation reactions of nucleotides and/or to be incorporated 
into a newly polymerized DNA strand. By this way, said compounds are only able to 
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enhance the detection of mutations but not prone to interfere significantly with 
polymerisation reactions. 

The mechanism of action of the compounds considered according to the 
invention is very unexpected compared to that of known additives* 

5 An interpretation of this beneficial effect, is that by performing base-pairing 

interactions with the denaturation bubble, the compounds of the invention stabilize the 
mismatch bubble, and thus increase the difference in geometry between heteroduplexes 
and homoduplexes. This intemction is sufficiently efficient for leading to a difference of 
behaviour of the heteroduplexes compared to the homoduplexcs In an analytical method 

10 Where the analytical method is an electrophofetic method, the mobility of 

heteroduplexes is modified compared to homoduplexes and allows, by this way, to 
distii^sh ones from the others. Both compounds will not have the same retention tune or 
affinity. 

Where the analytical method is a hybridization method, the induced effect is a 
1 5 decrease of the stability of heteroduplexes compared to homoduplexes. This difference of 
stability is particularly sensitive for minor mismatches, such as those resulting from 
substitutions, which are the most difficult mutations to detect in hybridization arrays. 
According to this specific ©mbodimmt, the compound(s) of the invention may be present 
during the hybridization and more specifically in the hybridization medium and/or during 
20 the washing step and in particular in the washing solution used for cleaning the non- 
hybridized strands. 

Compounds interacting non-specifically with nucleic acids, such as urea or 
other denaturants or chaotropic solvents, also increase the probability of denaturation 
bubbles, but thus very likely do it also at different places along the double helix not 

25 corresponding to the mismatch, this broadening the peak in the case of electrophoretic 
analysis and altering the resulting separation. 

In the case of the instant invention, the increase in mismatch resolution is in 
contrast particularly significant with compounds able to undergo specific base pairing 
interactions with nucleotides. Vcay surprisingly^, though, this effect is interesting mostly 

30 with compoimds presenting a very limited nimiber of base-pairing interactions (one base 
pairing interaction per compound is suflficientX whereas methods for mutation detection in 
the prior art, such as single-nucleotide primer extension, used "primers*" able to achieve 
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base pairing interaxitions with ntimerous. typically at least 12 base pairing interactions per 
molecule. 

Aliother unexpected feature of the invention, is that the compounds able of 
specific base pairing interactions with the nucleic acids to be tested, are used with best 
5 performances at much higher conc^ations, as generally used for base-pairing 
compounds in the prior art. 

In particular said compounds are used at a combined concentration of at least 
1 g/1 of the liquid medium used for contacting it or them with the nucleic acid to assay for 
mutation, preferably at least 1 0 and most preferably at least 25 g/1. 
10 By "combined concentration", it is understood the total concentration of said 

compounds^ c.g, in the case of the use of several types of compounds, the combined 
concentration is the total of the concentrations of each compound. 

The concentration of compound(s) according to the instant invention is 
expressed with respect to the total volume of the medium containing the nucleic acid to 
15 analyze. 

In one embodiment of (he present invention, said compounds are different firom 

antibody. 

In another embodiment, said compounds are different from enzjmes. 
In another embodiment, they are different from proteins, 
20 According to a preferred embodiment, such a compound is selected in the 

group consisting of an oligonucleotide having a length of less than 5 nucleotides, 
preferably less than 3 nucleotides and more preferably less than 2 niicleotides, a 
nucleoside, a base or a mixture thereof- 

Non restrictive examples of such compounds are: 
25 - the bases adenine (A), guanine (G), cytosine (C), uracile (U) and thymine 

in 

adenine, guanine, cytosine, uracile and thymine bearing various 
substitutions, and in particular substitutions having none effect on the amino and OH 
groups responsible for base pairing interactions in unsubstituted bases, 
30 - the nucleosides formed with the bases A, T, G, C, U, 

the nucleotides formed with the bases T, G, C, U, 
oligonucleotide analogs, and variously substituted oligonucleotides. 
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Tn numerous preferred applications, said compounds contain one single base- 
pairing-unit, with "base pairing unit" meaning a molecular group able to undergo one base 
pairing interaction with one of the bases. A* G, U or C. 

The term "nucleotide", ••oligonucleotide" or "nucleoside" is also used herein to 
5 refer to individual species or varieties of species, meaning a compoimd, comprising a 
purine or pyrimidine moiely, a ribose or deoxyribose sugar moiety, and a phosphate group, 
or phosphodiester linkage in the case of nucleotides wilhin an oligonucleotide or 
polynucleotide. 

The term '^nucleotide", "oligonucleotides" and "nucleoside" is also used herein 
10 to encompass "modified species" which comprise at least one modification such as (a) an 
alternative linking group, (b) an analogous form of purine, (c) an analogous form of 
pyrhmidine, or (d) an analogous sugar. 

The term "nucleotide", "ohgonucleotides" and "nucleoside" is also used herein 
to encompass "substituted species" \^ch comprise at least one substituant chosen to 
15 increase then: solubility, change their charge, or modify their fiiction in a solvent For 
example, it may be nucleotides or nucleosides bearing a polymeric or oligomeric, 
hydrophilic substituant and/or a charge. 

According to a particular embodiment, said compound is a nucleoside selected 
20 among the nucleosides adenosine, guanosine, cytidine, thymidine and mixtures thereof. 

Preferably, said compound is cytidine at a concentration at least lg/1, 
preferable at least 10 g/l, and most preferably at least 25 g/1. 

Preferably, said compound is thymidine at a concentration at least Ig/l, 
preferable at least 10 g/l, and most preferably at least 25 g/L 
25 Yet more preferably, said compound is a mixture of cytidine and thymidine^ 

each at a concentiatiott of at least Ig/I, preferably of at least 10 g/l, and most preferably of 
at least 25 g/l. 

It should be recognized, however, that these are oxxly examples, convenient on 
the ground of availability, but that many other compounds able of undergoing specific base 
30 pairing interactions with nucleotides or nucleotide analogs can be constructed by someone 
skilled in the art, and enter in the j&ame of the invention. 
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In a specific embodiment, where the duplex is contacted with at least two 
different compounds able of undergoing specific base pairing interactions with nucleic 
acid, it is advantageous that these compounds cannot undergo mutually base pairing 
interactions, so that they remain folly available for base pairing interactions with the 
5 nucleic acids or nucleic acid analogs to be tested. 

For instance, the methods according to the invention with advantageously use 
cytidine and thymidKne, or cytidine and adenosine, or guauosine and thymidine, or 
guanosine and adenosine, but not e.g. thymidine and adenosine, or cytidine and guanosine. 

10 STRAND OF NUCLEIC ArTDS OR NUC LEIC ACID HOMOLOGS. 

Strand of nucleic acids or nucleic acid bomologs means single stranded KNA, 
DNA, LNA, PNA, or any artificial or natural analog of nucleic acids, capable of 
hylwri^Kzing with a natural single stranded RNA or DNA, 

According to one embodiment, the methods according to the invention may be 
1 5 used to determine whether there b a mismatch between molecules of (1) genomic DNA or 
niKNA isolated from a biologic sample and (2) a nucleic acid probe complementary to 
wild type DNA, when molecules (1) and (2) are hybridized to each other to form a duplex- 
For example, the duplex may be issued from the hybridization of BRCAl gene 
genomic DNA or BRCAl mRNA isolated from a human biologic sample with a nucleic 
20 acid probe complementary to himian wild-type BRCAl gene DNA. 

Of course, within the field of the invention, the complementary strands can be 
in the composition as a paired or partly paired double helix. 

In particular, and as a non restrictive example, in the context of the invention, 
"two homologous strands of nucleic acids or nucleic acids homologs" can designate a 
25 heteroduplex pair, as encountered e.g. in EHDA but also an oUgonxw:Ieotide attached to a 
solid support, hybridized at least in part with a DNA or RNA strand contained in a solution 
contacted to this solid support. The latter situation is particularly suitable for application of 
the invention to hybridization arrays. 

These strands of nucleic acid, paired in a duplex form or not, are generally 
30 issued from a nucleic acid sample. 

Preferably, said nucleic acid sample contains a mixture of (+) strands and (-) 

strands. 
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When the initial nucleic acid sample contains a mixture of single stranded and 
double stranded nucleic acid molecules, fhe claimed method may comprise a preliminary 
and additional step of removing single stranded nucleic acid molecules. 

When the initial nucleic acid sample contains mostly RNA, double stranded 
5 cDNAs are first sysnthesized using any technique known to those skilled in the art Then* 
cDNAs of interest derived from a single gene or a limited set of genes are selectively 
amplified from said double stranded cDNA sample- Preferentially, methods of 
amplification are usesd to obtain targeted polynucleotide samples. Any linear or logarithmic 
method of amplification may be used mcluding the ligase chain reaction, the polymerase 

10 chain reaction (PGR, RT-PCR) and techniques such as the nucleic acid sequence based 
amplification (NASBA). 

Similarly, vAicn the initial polynucleotide sample contains mostly genomic 
DNA^ the targeted DNA sample is preferably obtained by PCR. 

The invention oicompasses all biological samples containing nucleic acid(s) 

15 without any particular limitation. More partioularly, a biological sample according to the 
invention may originate from a cell, a tissue, an organ, a surgical or a biopsy specimen 
fixed or non-fixed such as bone manov^ aspirates, or a biological fluid including body 
fluids such as whole blood, serum, plasma, cerebrospinal fluid,, nrine, lymph fluids, and 
various external secx^ons of the respiratory, intestinal and goiitourinary tracts, tears, 

20 saliva, milk, white blood cells, and cell culture supematants. The origin of the sample can 
be animal (preferably mammal, more prefembly human), plant, virus, bacteria, protozoan 
or fungus. The sample may be eukaryotic, prokaryotic, or acellular. Cells comprised in the 
biological sample, especially when coming from a tissue, organ, biological fluid or biopsy, 
can be cultivated in order to increase the number of available cells. The sample may 

25 contain cells from a single type or of mixed cell type. The cells, tissues and specimens may 
originate from normal individuals or from patient suffering from a disease or a disorder. 
The disease or disorder can be, for example, a cancer, a neurodegenerative disease, an 
inflammatory disease, a cardiovascular disease, an immune disorder, a body weight 
disorder such as obesity, etc. Any particular cell, cell type, pathological cell, cell at a 

30 particular state of development or disease progression, are contemplated in the present 
invention. 
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Wifliin the scope of the invention, we call "complementary in parf' two DNA^ 
RNA, or DNA analogs, which bear complementary sequences except for one or a few 
mutations affecting a small number of base pairs, such as single base substitution, single 
base insertion or deletion, or more generally substitutions, insertions or deletions affecting 
5 only a minor fraction of the length of said DNA, R]SIA» or DNA analogs* 

MUTATION 

The nuethods according to the invention are particularly advantageous for 
assaying point mutations, 

10 The consequences of a point mutation may range fiom negligible to lethal, 

depending on the location and effect of the sequence change in relation to the genetic 
information needed by the DNA, and it may often be at the origin of a disease or of a 
predisposition to a disease. The bases A and G are purines, while T and C are pyrimidines. 
Whereas the normal base pairings in DNA (A with T^ G with C) involve one purine and 

15 one pyrimidines, most connmon single base mutations involve substitution of one purine 
or pyrimidine for the other (e.g., A for G or C for T), a type of mutation referred to as a 
"transition", Mutations in which a purine is substituted for a pyrimidine, or vice vearsa, are 
less frequently occurring and are called "transversions**. One may also encounter point 
mutations comprising the addition or loss of a single base arising in one strand of a DNA 

20 duplex at some stage of the replication process. Such mutations are called single base 
"insertions" or "deletions", respectively, and are also known as "ftameshift" mutations, due 
to their effects on translation of the genetic code into proteins. Larger mutations affecting 
multiple base pairs also do occur and can be important in medical genetics. In particular, 
some mutations can arise due to ''slippage" of the replication machinery in repeated DNA 

25 regions, leading to insertions or deletions of variable size. 

According to the invention, detectable point mutations include deletion 
mutation, insertion mutation, and substitution mutation wherein an incorrect base pairing 
occurs. 

If the difference between two homologous strands of nucleic acid paired in a 
30 duplex form consists in a single nucleotide difference or a small insertion or deletion a 
mismatched duplex is fomied. The methods according to the invention are particularly 
efficient for detecting mismatched duplex. 
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More specifically, the methods according to the invention are particularly 
useful for Hxe screening of a DNA firagment having a nucleic sequence related to a gene on 
whidi point mutation(s) has been associated or putatively associated with a disease or an 
InCTcased predisposition to a disease. Said diseases can be different types of cancers, 

5 g&oedc diseases or increased predisposition to a disease such as, as an example, 
thalassemia, cardiovascular diseases, myopathy, cancer, and more generally genetically 
inheritable diseases. A nonrexhaustive list of sudi diseases, with the associated genes, and 
prevalence in &e population, is given in the following table as a matter of example. This 
list should not be considered by any means as limiting the scope of &e inveatiott, but is 

1 0 proposed here only to make it dear that the range of applications of the invaition in human 
health is large and constantly expanding with the progress of genetics. 

Non-limitu3g list of genes associated with increased predisposition to 
cancerous diseases, the diagnosis of which constitutes a privileged range of application of 
15 the invention. 



Predisposition 


Associated 
putative mutated 
gene(s) 


Frequency of mutation 
bearers in general 
population 


Frequency of 
mutation bearers in 
cancer aftectod 
patients 




Breast, ovary 


BRCA1,BRCA2 


1/500 


1/30 


Colon, endometer 
(HNPCC syndrome) 


hMLHl.hMSH2, 
hMSH6, hPMS2, 
TGFbeta 


1/500 


1/20 


Melanoma 


CDKN2A, CDK4 


1/500 


1/20 


Kidney 


c-MET 


1/5000-10000 


1/20 


Stomach (exchiding 
HNPCC) 


CDHl 


1/10000-20000 


1/100-200 


Colon 


APC 


1/8000 


1/100 


Hamartomaioses 








VHL 


VHL 


1/40000 




NF2 


NF2 


1/30000 




Peutz-J^herz 


LKBl 


1/50000-100000 




Gorlin syndrom 


PTCH 


1/50000-100000 




Cowden, Banayan- 
Zonana syndrom 


PTEN 


1/50000-100000 




NFl 


NFl 


1/3000 




Boumeville sclerosis 


TSCl,TSC2 


1/10000-15000 




Multiple endocrinian 
neoplasia 
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MENl 


1/30000-40000 




Type 2 


Ret 


1/3000(M0000 


1/10-20 


Camev svndroiri 


PRKAR1A 


1/50000-80000 




DN A breakage 
^soci^tcd diseases 








Ataxia 

Telangiectasia 


ATM 


1/40000-300000 




Fanconi disease 


6 associated genes 


1/350000 




Bloom disease 


BLM 


1/1000000 




Xeroderma 
pigmentosum 


8 associated genes 


1/500000-1000000 




Werner disease 


WEN 


1/300000-1000000 





In particular, the methods according to the invention are particularly useful for 
the screening of the human breast cancer predispoang genes, (BRCA) like BRCAl and 
5 BRC A2, for mutations. 

According to the methods of the present invention, alteration($) of the wild 
type BRCAl or BRCA2 locus may be detected. In addition, the methods can be performed 
by detecting Ae wild type BRCAl or BRCA2 locus and thus confuming the lack of a 
predisposition to cancer at BRCAl or BRCA2 locus. 
10 As stated previously, the instant invention also relates to a composition 

including at least a DNA £ragment having a nucleic sequence related to a gene on which 
point mutation($) has been associated or putatively associated with a disease or an 
increased predisposition to a disease, and at least a compound able to undergo specific base 
pairing interaction at a concentration of at least 1 g, and as defined pre\dou$ly» 
15 According to a specific embodiment, the nucleic sequence relates to human 

breast cancer predisposing genes (BRCA). 

ANALYTIC METHODS 

In one embodiment of the present invention, the analytical method is an 
20 clectrophoretic analysis^ in particular using a liquid separating medium. 

More particularly, the nucleic acid(s) having mismatch, in particular 
heteroduplex(es), are detected by capillary electrophoresis or electrophoresis in 
microchannels, in non-denaturating conditions. 
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The invention is particularly advantageous for capillary electrophoresis or 
electrophoresis in niicrochannels for the following reasons. 

It improves significantly the sensitivity of electrophoretic analysis, especially 
for difficult to detect mistnatches such as substitutions. 
5 It allows for a much fester separation than sequencing. 

It aUows for multiplexing in different ways, thus increasing further the 

throughput. 

In a preferred «nbodiment, multiplexing can be achieved by combining in the 
same run fragments with different lengths; since the homoduplex and heteroduplexes 

10 generally have close mobilities, several combniafions of homodtjplexes and heteroduplexes 
can be separated and identified in a single run, by mixing fiagpieats with suflScienfly 
different sizes. Typically, the fragments must differ in size by a factor between 10 and 1 00 
bp, preferably between 20 and 1 00 bp- 

In another preferred embodiment, which can be combined with the previous 

15 one, multiplexing can be performed e.g, by preparing diff^ent samples bearing tags with 
fluorescence at diflferemt wavelength, using e.g. PCR with different fiuorescently labeled 
primas. The amplification of the different samples can be performed m a single reaction, 
and the naixtute can be analysed in a single electrophoresis run. Several capillary 
electrophoresis macWties, designed for DNA sequencing or fragment analysis^ such as the 

20 ABl 3 10, 3100, 3700, or the Amersham "Megabace'\ can analyse simultaneously products 
with different fluorescence emission wavelength. 

Finally, multiplexing can also be achieved by performing several sequential 
injections of different samples. The principle is the same as for the separation of fragments 
of different sizes: it uses the fact that, m contrast with e.g. sequencing, electrophoretic 

25 analysis of a single fragment only uses a very limited part of the separation window 
offered by electrophoresis^ so that several samples^ with start time suitable shifted, can be 
separated ui a single run. 

In another embodiment, the separation of the heteroduplex fragments can be 
performed by DGGE, in the presence of a composition as described in the invention, or by 

30 DHPLC in the presence of the same type of composition. 
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The invention also concerns a composition including at least a compound able 
to undergo specific base pairing interaction at a concentration of at least lg/1 and as 
defined previously and a polymeric liquid medimn for electrophoretic analysis. 

According to a preferred embodiment, the electrophoretic method and the 
5 composition or kit, as defimed previously, involve the use of a liquid separating medium as 
disclosed m WO 02/01218 (included here by reference). More specifically, this liquid 
separating medium contains at least one polymer composed of several polymer segments, 
said polymer being of the irregular block copolymer type or irregular comb polymer type 
and having on averse at least three junction points established between polymer segments 
10 of different chemical or topological nature. 

One particularly preferred embodimeait consists in presenting within the copolymer 
according to the mvention at least one type of polymer segment showing, within the 
separating medium, specific affinity for the solid support, and at least one type of polymer 
segment showing in said medium less or no afEmity for the solid support. 
1 5 The presence of polymer segments of this type allows the medium according to Ihe 

invention to reduce the adsorption of species onto the walls of the channel and/or the 
electro-osmosis* 

In a preferred embodiment, the polymeric medium used according to the invention 
contains at least a polymer at a concentration of at least 1%, in particular of at least 3% and 
20 more particularly of at least 4% by weight of its total weight In another preferred 
embodiment, said polymer contains acrylamide or substituted acrylamide. 

According to a specific embodiment, the polymer is a block copolymer(s) having 
an acrylamide backbone and polydimethylacrylamide (PDMA) side-chains. 
The following are most particularly suitable for the invention: 
25 - copolymers of the comb copolymer type^ the skeleton of which is of 

dextran, acrylamide, acrylic acid, acryloylaminoethanol or (N,N)-dimethylacrylamide type 
and onto which are grafted side segments of acrylamide, substituted acrylamide or 
(>J,N>dimethylacrylamide (DMA) type, or of the DMA/allyl glycidyl ether (AGE) 
copolymer type, or alternatively of homopolymer or copolymer of oxazoline or of 
30 oxazoline derivatives; 

non-thermosensitive copolymers of the irregular sequential block 
copolymer type having along then: skeleton an altemation of segments of polyoxyethylenc 



16/12 '03 MAR 18:24 [N° TX/RX 5102] 



par: 2>3iU}X ^3 i'^ »4 vu cm . woisrs: & Asswcxiss ±e xo/iss/ w^pxa^ff^ j^-* yiv^ 

23 



type and of segments of polyoxypropylene type^ or an alternation of segments of polyoxy- 
ethylene type and of segments of polyoxybutylene type^ or more generally an alternation of 
segments of polyetibiylene and of segments of polyetfaer type that are appreciably more 
hydrophobic than polyoxyethylene; 

copolymers of the irregular sequential block copolymer type having along 
their skeleton an alternation of segments of acrylamlde, acrylic acid, acryloylaminoethanol 
or dimethylacrylamide type, on the one han<}» and segments of (N,N)-dlmethylacrylatDide 
(DMA) type, or of DMA/allyl glycidyl ether (AGE) copolymer type, or alternatively of 
homc^olymer or copolymer of oxazoline or of oxazoline derivatives; 

polymers of the irregular comb polymer type, the skeleton of vMch is of 
agarose, acrylamide, substituted acrylamide, acrylic acid, acryloylarainoethanol, 
dimetitylacrylamide (DMA), allyl glycidyl ether (AGE) polymer type, DMA/AGE random 
copolymer type, oxazoline and oxazoline derivative, dextran, methylcellulose, 
hydroxyethylcellulose, modified cellulose, polysaccharide or ether oxide type, and onto 
which are grafted side segments of agarose, acrylamide, substituted acrylamide, acrylic 
acid, acryloylaminoethanol, dimethylacrylamide (DMA), allyl glycidyl ether (AGE) 
polymer type, DMA/AGE random copolymer type, oxazoline and oxazoline derivative, 
dextran, methylcellulose, hydroxyethylcellulose, modified cellulose, polysaccharide or 
ether oxide type; 

copolymers of the irregular comb copolymer type, the skeleton of which 
is of acrylamide, substituted acrylamide, acrylic acid, acryloylaminoethanol, 
dimethylacrylamide (DMA), allyl glycidyl ether (AGE) polymer type, DMA/AGE random 
copolymer type, oxazoline and oxazoline derivative, dextran, agarose, methylcellulose, of 
hydroxyethylcellulose, modified cellulose, polysaccharide or ether oxide type, and bears 
short-chain hydrophobic side segments such as alkyl chains, aromatic derivatives, 
fluoroalliylsj, silanes or fiuorosilanes. 

It should also be noted that, in most applications, it is preferable to use a 
polymer accordmg to the kivention that is essentially neulral. However, it may be useful 
for certain applications, and in particular to avoid the adsorption of species containing both 
charges and hydrophobic portions, to select a polymer according to the invention that is 
deliberately charged, preferably opposite in charge to that of said species. 
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As regards the preparation of the copolymers used according to the invention, 
it may be carried out by any conventional polymerization or copolymerization technique. 

In another specific embodiment, the analytical method is a hybridization type 

5 method. 

Nucleic acids probe or nucleic acid homologs may be disposed on a surfece as 
an array of domains, such system forming a hybridization array. The invention is 
interesting in this context, because it enhances the difference of stabiUty between perfectly 
matched pairs, and pairs with a mismatch. This enhancement is particularly sensitive for 

10 minor mismatches, such as those resulting from substitution, which are the most difficult 
mutation to detect in hybridization arrays- 

In another specific embodiment, the nucleic acids probe or nucleic acid 
homologs may be disposed on the surface of particles or beads. By this way, the sample is 
contacted, in the presence of compounds as defined in the invention, with a multiplicity of 

15 differently tagged beads, each probe being attached to an ensemble of beads or particles 
bearing a unique tag or combination of tags, as described e,g. in WO 99/37814. In this 
method, hybridization of a single sample to a multiplicity of probes can be performed in 
one batch, and the sequence of the hybridized targets can be identified uniquely by the tags 
or the beads they bind to. 

20 More generally;, the compounds considered according to the invention are 

advantageous to amplify the difference between nucleic acids presenting small sequence 
differences, m all methods for amplification or detection of nucleic acids, mvolvmg the 
annealing of a primer on the target nucleic acidj, or the action of a polymerase on such 
target nucleic acid. 

25 According to another embodiment, thp invention proposes a method for 

assaying a nucleic acid for mutation comprising at least the steps consisting in: 

performing a polymerase chain reaction on said nucleic acid in the 
presence of at least two primers and a pool of compounds able to undc^:go specific base 
pairing interaction with nucleotides or analog thereof, said compounds being at a combined 

30 concentration of at least 1 g/l and being unable to mterfere with the polymerase chain 
reaction, and 

analyzing or quantifying the so-obtained DNA fragments. 
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Such a method is particularly interesting in the frame of quantitative or 
competitive PGR, or in the use of PGR since it is able to decrease the stability of primers 
on nucleic acids presenting a mismatch with the primer sequences, and thus to enhance the 
difference in amplification between perfectly matched and imperfectly matched 
5 amplification. 

Thanks to its ability to increase the effect of mismatched base pair associated 
with mutationSj, the invention is also particularly suitable in conjunction with methods and 
compositions for detecting mutations using DNA probes called "tnolecular beacons'% as 
described e.g, in Bonnet G, Tyagi S, Libchaber A, and Kramer FR (1999) 

1 0 "Thermodynamic basis of the enhanced specificity of structured DNA probes". Proc Natl 
Acad Sci USA 96, 6171-6176. Such DNA probes are smgle-standed DNA molecules that 
may form a stem-and-loop structure and possess an internally quenched fluorophore* They 
become fluorescent only when Ihey bind to complementary nucleic acids. 

In particular, molecular beacons are combinations of a first fluorescent 

15 molecule or group and a second molecxile or group capable of transferring energy to said 
first fluorescent molecule or group^ or of quenching fluorescent from said fluorescent 
molecule or groupj, and they have been used for detection of single-nucleotide variations, 
as described e.g. in Marras SAE, Kramer FR, and Tyagi S (1999) "Multiplex detection of 
single-nucleotide variations using molecular beacons" Genet Anal 14, 151-156. 

20 Accordingly, the invention also proposes a composition including at least a 

compound able to undergo specific base pairing interaction as defined previously and at a 
concentration of at least lg/1, and a pair of molecules or groups acting as a DNA probe 
called "molecular beacon'** 

The figures and examples given below are presented by way of non limiting 

25 illustration of the present invention, 

FIGURES 

Figure 1 : Electropherogram representing the separation of different fi^agments 
of human genes BRCAl and BRGA2, having respectively a different point mutation, and 
30 represented in sequcaice SEQ ID NO 4, SEQ ID NO 5 and SEQ ID NO 6. in presence or in 
absence of thymidine (see Example 1). 
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Figure 2 : Electrophoregram representLag a separation identical to that of Figure 
I involving fragments of human genes BRCA2 and BRCAl represented in sequence SEQ 
TD NO 2 and SEQ ID NO 6, in presence or in absence of cytidine (see Example 2). 

Figure 3 : Comparison of the resolution between electrophoregram representing 
a separation of fragments of human genes BRCA2 represented in sequence SEQ ID NO 2, 
in presence or in absence of different compounds able to und^go specific base pairing 
interaction of the present invention (see Example 3). 

Figure 4 : Electiophoiegram representing a separation close to that of Figure 1 
in pi^sence of different concentrations of cytidine (see Example 4). 

Figure 5 : Control electrophoregram representing a separatioti of firagments of 
human genes BRCAl and BRCA2 repi^sented in sequence SEQ ID NO 3 and in SEQ ID 
NO I, in presence or in absence of ui»a (see Example 5), 

Figure 6 : Electropherogram representing the separation of fragments of human 
genes BRCAl represented in sequence SEQ ID NO 6^ in presence or in absence of 
thymidine 2^5 % and cytidine 2,5 % (see Example 6). 

EXAMPLES 

All fragments used for separations are issued from human genes BRCAl and 

BRCA2. 

20 The sequence of the genes, the primers used for amplifying the fragments are 

listed in table 1. Concerning the mutations termed SEQ ID NO 4 and SEQ ID NO 5 the 
concerned point mutation is respectively located at the eightieth and fifth place from the 
closest ^d of considered gene. 

Type of substitution, fragment size, sequence (primer regions are underlined), 
25 exon and gene are shown in the follovving table. The point of mutation is shown in black 
type. 

The copolymers of liquid separating medium were prepared according to the 
process of preparation disclosed in WO 02/01218. 

30 



10 
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TABLE 1 



Gene 


Exon 


Nucleotide 
position 
(cDNA) 


tdenfiflcafxon 


Type 


amplicon 


dequence 


anneaifng 




71 


9058 


SKQiDNO 1 
(2383) 


ATT 


311 


-TTTTTOATTOcnrrnAnC^CAATATCTTA 

AATGGTCACAGGGTTATTTCAGTGAAGA 

QCAG1TAAGAGCCTTGAATAATCACAG0 

CAAATOTTGAArGATAAGAAACAAGCTC 

AG ATCCAGTT0GA4ATTAGGAAGGCCA 

TGOAATCTOCTOAACAAAAGGAACAAGO 

TTTATCAAGGGATGTCACAACCGTGTGG 

AAGlTGCOTATrGTAAGCfAlTCAAAAA 

AAGAAAAAGArrCAGGTAAGTATGTAAA 

TGCrrTGTTTTTATCAGTTTTATTAACTTA 

A A A A A l GACCrTACl'AACAAAATGATI'A 


58 


BRCA2 


3 


451 


SEQIDN02 
(2501) 


G/C 


319 


r ArTnnTTAAAACTAAGQTGGGA'ri-l-rr r 

TTTAAATAGATTrAQGACCAATAAGTCTT 

AATTGGTTTGAAGAACTTTCTTCAGAAGC 

TCCACCCTATAATTCTGAACCTGCAGAA 

0AATCTGAACATAAAAACAACAA1TACG 

AACCAAACCTATTTAAAACTCCACAAAG 

OAAACCATCTTATAATCAGCTG G CTTC 

AACTCCAATAATATTCAAAGAGCAAGGG 

ClGAC'I'C'rGCCGCTGTACCAATCTCCTGT 

AA^GAATAGATAAATTCAAATTAGACT 

TAGOTAAGTAATOCAATATGGTAGACTQ 

GGQAGAAC 


65 


ftR-CAl 


15 


4719 


SEQIDNOS 
(1019) 


G/A 


251 


•rrt^K^GATGOTTTTrTCCTTCCATTTATCTr 

TCTAGGTCATCCCCnCrAAATGCCCATC 

ATTAGATGATAGGTGGTACATGCACAGT 

TGCTCTGGCiAGld"rCAGAATAGAAACT 

ACCCATCTCAAGAQQAGCTCATTAAGGT 

't€VrTC^AT R TGGAGGAGCAACAGCTGGA 

AGAGTCnGGGOCACACGATrrOACGOAA 

ACATCTTACXTGCCAAGGCAAGATCTAG 

GTAATATrrCATCTGCTG'rArrGGA 


50 


BRCAl 


15 


47l<> 


SEQIDN04 
(lOlPJO) 


0/A 


251 


GTGGTACArGt:ACAGTTnrTnrGGGAGT 
CTTCAGAATAGAAACTACCCATCrj-CAAG 

aggagctca'itaaggttgttgat g tgg 
aggagcaacagctggaagagtctgggcc 
acacoattrgacqgaaacatcttactto 
ccaaggcaagatctaggtaatatttcat 

CTGCrGTArrGGAACAAACACTTTGATlT 
TACTCTGAArCCTACATAAAGATATTCTG 
nTTAACCAAC7TTTAGAlGTACrrA<TTC 


56 


BRCAl 


15 


4719 


SEQIDNOS 
(1019^50) 


G/A 


251 


CTTC AGA ATACrA A ACTACCC ATCTCAAG 

AGOAGCTCATTAAGGTTOrrGAr GTGG 

AGOAGCAACAOCTGQAAGAGTCTQGGCC 

ACACGATTTGACGGAAACAlXTrACTTG 

CCAAGGCAAGATCTAGGTAATATTTCAT 

CTGCTGTATTGGAACAAACACTTrOATTT 

TACTCTGAATCCTACATAAAGATATTCTG 

GTTAACCAAClTTTAGATGTACTAGTCrA 

rCATGGACACTTTTGrTATAC 


56 


BRCAl 


iKOi) 


S55 


SEQIDN06 
(2542) 


T/G 


205 


TGTATTTl'rTTAATGACAATTCAGrTTTT 
GAGTACCTTGTTAl-rrrrOTATATnTCA 
GCTGC ITGTG AATTTTCTO AGACGGATGT 
AACAAATACTGAACATCATCAACCCAGT 
AATAATGAT T TG AACACCACTGAGAAG 
CGTOCAGCTGAGAGGCATCCAGAAAAGT 
A'rrAfsnaTAfiTTCTGn-ir^AAArTTGCAT 
GTGGAG 


55 
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EXAMPLE 1 

Comparison of the detection of different substitutions between: 

P(AM-PDMA)18 at 5g/100 mL + sybrgrcen IX (Molecular Probes) in 
Tris (50 mM) Taps (50 xnM) EDTA (2 mM) buffer, and 
5 - P(AM-PDMA)1 8 at 5 g/100 mL + thymidine at 2,5 g/1 00 mL + sybrgreen 

IX in Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer. 

PDMA side-chains with initiator-monomear mtio R0=0,015 and A0=0, 01 
where Ro = [R-SH]/[PDMA] and Ac = [KPS]/[PDMA] and P(AM-PDMA)18 were 
pr&pared according to the protocols presented in V. Barbier, B-A. Biicbholz, A.E. Barron, 
10 J.L. Viovy, Electrophoresis, 23, 1441, (2002)) with [(NH4)2S208]/[AM] = 0,1 % and 
[NaaSaOsyCAM] = 0,015 %. 

Separations were made in a ABI 310 (applied Mo^rstem) at 30**C. Bare ifosed 
silica capillary (polymicro), 50 (xm inner diameter, 61 cm long (50 cm to the detection 
window) were used. Injection is electrokinetic (2,5 kV during 30s). Pre-electrophoresis is 
15 done at 12^2 KV during 5 minutes. Separation is done at 12,2 kV. After each run, new 
polymer solution is pushed into the capillary during 10 minutes. 

Samples were prepared by gently mixing 2 p,L PCR product with 5 pure 
water (miUiQ). Point mutation of SEQ ID NO 4 (Substitution 1019_80), SEQ ID NO 5 
(1019_50) and SEQ ED NO 6 (2542) were studied. We can clearly observe that resolution 
20 is improved with the use of thymidine (Figure LB. and l.C) and that SEQ ID NO 5 
(substitution 1019_50) which was not detected with P(AM-PDMA)1S 5 g/1 00 mL is 
detected with P(AM-PDMA)18 5 g/100 mL + thymidine 2,5 g/1 00 mL (Figure LA). For 
each substitution a sample fixtm a heterozygote patient was compared to one of a 
homozygote. The data clearly demonstrate that the addition of thymidine, at concentrations 
25 of 2.5 g/100 ml, mcrease the resolution between homo^gote and h^rozygote DNA, and 
provide a clear detection of the presence of the mutation (multiple peak jfor the 
heterozygote electrophoregram). 



EXAMPLE 2 

Conq>arison of the detection of different substitutions between: 

P(AM-PDMA)20 at 5g/100 mL + sybrgreen IX (Molecular Probes) in 
Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer, and 



16/12 "03 MAR 18:24 [N° TX/RS 5102] 



e-ax j^nis par: S3{U)i. «a xk nt /u cas.momx « Assuuxas xe j.d/x<:/uo xoi^ii xv'a iwxuki ty. ^s/^.>. 

PCT/iR 0 3 / P 6 0 1 8 

29 



P(AM-PDMA)20 at 5 g/100 mL + cytidine at 2,5 g/100 mL + sybrgteen 
IX in Tris (50 mM) Taps (50 niM) EDTA (2 mM) buffer. 

PDMA side-chains with RO = 0»015 and AO = 0,01 and P(AM-PDMA)20 were 
prepared accoiding to the protocols jvesented in (V. Barbier, B.A. Bucbholz, AE. Barron, 
5 J.L. Viovy, Electrophoresis, 23, 1441, (2002)) with [(NH4)2S208]/[AM] = 0,1 % and 
[Na2S205l/[AM] - 0,015 %. 

Separations were made in a ABI 310 (£^lied biosystem) at 30 "C. Bare fused 
silica cq)illary (jpolymicro), 50 inner diameter, 61 cm long (50 on to the detection 
window) were used, byection is elecfrokinetic C2,5 kV during 30s). Pre-electrophoresis is 
10 done at 12^ KV during 5 minutes. Separation is done at 12,2 kV. Aft^ each run, new 
polymer solution is pu^ed into the (^illary during 1 0 minutes. 

Samples were prepared by gently mixing 2 fiL PCR product with 5 pi. pure 
water (milHQ). Pcont mutation of SEQ ID NO 2 (Substitution 2501) and SEQ ID NO 6 
(2542) were studied. Mutation of SEQ ID NO 2 (Substitution 2501) wWoh was not 
15 detected with P(AM-PDMA)20 5 g/100 mL is detected with P(AM-PDMA)20 5 g/100 mL 
+ cytidine 2,5 g/100 mL ( Figure 2.A) and resolution of mutation of SEQ ID NO 6 
(substitution 2542) was improved by using P(AM-PDMA)20 5 g/100 mL + cytidine 
2,5 g/100 mL compared to P(AM-PDMA)20 5 g/100 mL (Figure 2.B). For each 
substitution a sample from a heterozygote patient is compared to one of ahomozygote. The 
20 data clearly demonsfrate that the addition of cytidine, at concentrations of 2.5 g/100 ml, 
increase the resolution between homozygote and heterozygote DNA, and provide a clear 
detection of the presence of the mutation (multiple peak for the heterozygote 
electrophoregram). 



25 EXAMPLE 3 

Comparison of tiie detection of different substitutions between; 
- P(AM-.PDMA)20 at 5g/100 mL + sybrgreen IX (Molecular Probes) in 
Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer, 

P(AM-PDMA)20 at 5 g/100 mL + fliymidine at 5 g/100 mL + sybrgreen 
30 IX in Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer, 

P(AM-PDMA)20 at 5 g/lOO mL + cytidine at 5 g/100 mL + sybrgreen IX 
in Tris (50 mM) Taps (50 mM) EDTA (2 mM) bufifer. 
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And: 

P(AM-PDMA)20 at 5 g/100 mL + thymidine at 2,5 g/100 mL + cytidine 
at 2,5 g/1 00 mL + sybrgreen IX in Tris (50 mM) T£«>s (50 mM) EDTA (2 mM) buffer. 

5 Separations were made in a ABI 310 (ai>plied biosystem) at SO^'C. Bare fiised 

silica capillary (polymicro), 50 pan inner diameter, 61 cm long (50 cm to the detection 
window) were used. Injection is electrokinetic (2,5 kV during 30s). Pre-electrophoresis is 
done at 12^2 KV dnring 5 minutes. Separation is done at 12^2 kV. After each run, new 
polymer solution is pushed into the capillary during 10 minutes. 

10 Samples were prepared by gently mixing 2 p.L PGR product with 5 jiL pure 

water (miUiQ). Point mutation of SEQ ID NO 2 (Substitution 2501) was studied. This 
substitution is not detected with P(AM-PDMA)20 at 5 g/100 mL (only one peak). It is 
detected with P(AM-PDMA)20 at 5 g/100 mL + cytidine 2,5 g/100 mL and P(AM- 
PDMA)20 at 5 g/100 mL + thymidine 2,5 g/100 mL (two peaks) and resolution is 

15 improved with P(AM-PDMA)20 at 5 g/100 mL -h cytidine 2,5 g/100 mL + thymidine 2,5 
g/100 roL (three peaks) (Figure 3). For each substitution a sample from a heterozygote 
patient is compared to one of a homo^ygote. At eqxial concentration of nucleoside, 
resolution is better for the case with an equal mix of cytidine and thymidine, than with 
either cytidine alone, or thymidine alone. This demonstrates the synergistic effect of 

20 having in the separation medium two different additive compounds, able of achieving base 
pairing interactions with different nucleotides. 



EXAMPLE 4 

Comparison of the detection of different substitutions between: 
25 . P(AM.PDMA)20 at 5g/100 mL + cytidine at 0,05 g/IOO mL + sybrgreen 

IX in Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer, 

- P(AM-PDMA)20 at 5 g/100 mL + cytidine at 1 g/100 mL + sybrgreen IX 
in Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer, 

P(AM-PDMA)20 at 5 g/100 mL + cytidine at 2,5 g/100 mL + sybrgreen 
30 IX in Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer. 
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Separations were made in a ABI 310 (applied biosystem) at 30°C. Bare fused 
silica c^iUary (polytnioro), 50 urn inner diameter, 61 cm long (50 cm to the detection 
window) were used. Injection is electrokinetic (2,5 kV during 30s). Pre-electrophoresis is 
done at 12^ KV during 5 minutes. Separation is done at 12^ kV. After each run, new 
5 polymer solution is pudied into the capillary during 10 minutes. 

Saaq)les were prepared by gently mixing 2 |iL PGR product with 5 yiL pure 
water (milliQ). Point mutation of SEQ ID NO 5 (Substitutions 1019_50) and SEQ ID NO 6 
(1019_80) w^ studied. Both are not detected with a cytidine concentration infmor or 
equal to 1 g/lOO mL (only one peak) and are detected with cytidine concentration of 
10 2,5 g/100 mL (two peaks) (Figure 4 Ami B), 

EXAMPLES 

Comparison of the detection of dijOferent substitutions between; 

P(AM-PDMA)5 at 5g/100 mL + sybrgreen IX in Tris (50 mM) T^s (50 
1 5 mM) EDT A (2 raM) buffer, 

P(AM-PDMA)5 at 5 g/100 mL + urea at 15 g/100 mL + sybrgreen IX in 
Tris (50 mM) Taps (50 raM) EDTA (2 mM) buffer, 

P(AM-PDMA)5 at 5 g/100 mL + urea at 24 g/100 mL + sybrgreen IX in 
Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer. 

20 

Separations were made in a ABI 310 (applied biosystem) at 30°C. Bare fused 
silica capillary (polymicro), 50 jim inner diameter, 61 cm long (50 cm to the detection 
window) were used. Injection is electrokinetic (2,5 kV during 30s). Pre-electrophorcais is 
done at 12,2 KV during 5 minutes. Separation is done at 12,2 kV. After eadii run, new 

25 polymer solution is pushed into the c^illary during 10 mimxt^. 

Samples were prepared by gently mixing 2 (iL PCR product with 5 ^L pure 
water (milliCJ). Point mutation of SEQ ID NO 3 (Substitutions 1019) and SEQ ID NO 1 
(2383) were studied. Both are detected when no urea is added to the matrix and not 
detected vfhesi urea conc^tration in the matrix is 15 g/100 mL. When urea concentration 

30 in the matrix is 24 g/100 mL, mutation of SEQ ID NO 1 (2383) is still not detected and 
SEQ ID NO 5 (1019) is detected with a lower resolution as in the case without urea (Figure 
5). Hiis d^onstrates that additives known to ^or dupl^ DNA denaturation but not able 
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to lead to base pairing interactions with nucleic acids, such as urea, proposed for the 
resolution of mutation in the prior art, actually has an effect on the resolution of 
heteroduplexes which is deleterious, and opposite to this of additives of the invention, 

5 EXAMPLE 6 

Comparison of the detection of point mutation of SEQ ID NO 6 (substitution 
2542) between : 

Linear polyacrylamide at 5g/100 mL + sybrgreen IX (Molecular Probes) 
in Tris (50 mM) Taps (50 mM) EDTA (2 mM) buffer, and 
10 - Linear polyacrylamide at 5 g/100 mL + thymidine at 2,5 g/100 mL + 

cytidine at 2,5 g/lOO mL + sybrgi^en IX in Tris (50 mM) Taps (50 mM) EDTA (2 mM) 

bujSfer. 

Separations were made in a ABI 310 (applied biosystem) at 30^C. Bare fused 
15 silica capillary (polymicio), 50 (xm umer diameter, 61 cm long (50 cm to the detection 
window) was coated according the protocol presented in Chiaci M, Oetich M» Horvath J. 
Electrophoresis, 2000, 2J, 1521-1526, before use. Injection is electroldnetic (2,5 kV 
during 30s). Pre-electrophoxesis is done at 12,2 KV during 5 minutes. Separation is done at 
12,2 kV. Affcer each run, new polymer solution is pushed into the capillary during 10 
20 minutes. 

Samples were prepared by gently mixing 2 uL PGR product with 5 uL pure 
water (miUiQ), The figure 6 shows clearly observe that resolution is improved with the use 
of nucleosides, A sample fi^om a heterozygote patient was compared to one of a 
homozygote, 

25 
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CLAIMS 

1 . A method for assaying the presence or the absence of at least one mutation 
on a strand of nucleic acids paired in a duplex fomi comprising at least the steps 
consisting of: 

contacting in a liquid medium said duplex, suspected to include at least 
one mismatch with at least one compound able to undergo a specific base pairing 
interaction with said mismatch, said compound being at a concentration of at least lg/1 in 
said medium and, 

assaying for said mismatch by an analytical method. 

2- The method according to claim 1, wherein the strands of nucleic acids 
paired in duplex form are two DNA strands vM.oh are in all or m part complementary. 

3. A method for performing Electrophoretic Heteroduplex Analysis "EHDA" 
on a nucleic acid sample suspected to include at least one heteroduplex^ said method 
comprising at least the steps consisting of: 

contacting in a liquid medium said nucleic acid sample suspected to 
include at least one heteroduplex, with at least one compound able to undergo a specific 
base pairing interaction with at least one mismatch of said heteroduplex^ said compound 
being at a concentration of at least lg/1 of said medium, 

assaying for the presence of said heteroduplex thanks to its 
electrophoretic mobility* 

4» The method according to claim 3 comprising a preliminary step of 
denaturating the nucleic acid sample and renaturating it in conditions convenient to 
achieve both heteroduplexes and homoduplexes. 

5. A method tor assaying the presence or the absence of at least one mutation 
on a single strand of nucleic acid in a liquid medium comprising at least the steps 
consisting of: 

(a) contacting said nucleic acid suspected to include at least one mutation 
with a nucleic acid probe grafted on a solid support, 

(b) allowing the hybridization of at least part of said strand of nucleic acid 
with the grafted nucleic acid probe, 

(c) washing non-hybridized strands, and 
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(d) assaying for smd mutation by an analytical method, 
wherein the steps a) and/or c) are performed in the presence of at least one compound able 
to undergo a specific base pairing interaction with said mutation, said compound being at a 
concentration of at least lg/1, 

6* The method according to claims 1 to 5 wherein the strand($) of nucleic 
acids is a single stranded DNA, RNA, LNA, PNA, or any artificial or natural analog of 
nucleic acids. 

7. Ibe method according to any one of claims 1 to 6j, wherein the compound 
able to undergo a specific base pairing interaction includes at least two groups suitable for 
hydrogen bondings in an orientation, polarity and spacing compatible with the creation of 
attractive mteraction with at least one of the bases A, T, G, C and U. 

8. Hie method according to any one of claims 1 to 7^ wherein said compound 
is unable to interfere with polymerisation reactions of nucleotides and/or to be 
incorporated into a newly polymerized DNA strand- 

9. The method according to any one of claims 1 to 8, wherein said compound 
is one oligonucleotide having a length of less than 5 nucleotides, a nucleoside, a base or a 
mixture thereof. 

1 0. The method according to claim 9, wherein the oligonucleotide has a length 
of less than 3 nucleotides and preferably less than 2 nucleotides. 

11. The method according to claim 9 or 10, wherein the compound is 
adenosine, guanosine, uridine, oytidine, thymidine, or mixtures thereof* 

12. The method according to claim 9, 10 or 1 1, wherein oligonucleotide($) or 
nucleoside(s) in the mixture of oligonucleotides or nucleosides are unable to undergo 
mutually base pairing interaction. 

13. The method according to claim 12^, wherein the compound includes 
cytidine and thymidine or cytidine and adenosine or guanosine and thymidine or 
guanosine and adenosine. 

14. The method according to any one of the claims 1 to 13, wherein the 
compound(s) is used at a concentration of a least 10 g/1 and preferably at least 25 g/L 

15. Tlie method according to any one of the claims 1 to 14, wherein the 
mutation to assay is a point mutation. 



16/12 '03 MAR 18:24 EN° TX/RI 5102] 



ffax CTliS par: 33(0)1 -^3 XZ 84 70 C3LB.N0NI 5 2i550CXlSS xe Xb/XSi/ua io:^/ A** JMWKM irg: •s^./oi 

PCT/IB 0 3 / 0 6 0 1 6 

35 



16. The method according to any one of the claims 1 or 2 and 5 to 15> wherein 
said mutation is assayed by hybridization assay. 

17. The method according to any one of the claims 1 to 4 or 6 to IS, wherein 
said mutation is assayed by an electrophoretic analysis using a liquid separating medium. 

18. The method according to claim 17, wherein said liquid separation medium 
contains a polymer at a concentration of at least 1%, and preferably at least 3% by weight 
of the total wei^t of said mediuoL 

19. The method according to claim IS, wherein the liquid separating medium 
contains at least one polymer composed of several polymer segments, said polymer being 
of Ihe irregular block copolymer type or irregular comb polymer type and having on 
average at least three junction points established between polymer segments of different 
chemical or topological nature. 

20. The method according to claim 1 9, wherein the polymer comprises at least 
one type of polymer segment showing, within the separating medium^ specific affinity for 
the channel wall, and at least one type of polymer segment showing in said medium less or 
no affinity for the wall. 

21. The method according to claim 19 or 20, wherein said polymer contains 
acrylamide or substituted acrylanrides, 

22. Use of a method according to any one of the claims 1 to 21 for diagnosing 
a predisposition to genetic diseases or cancers associated or putatively associated to 
specific point mutation(s) or the diagnosis or prognosis of said diseases or cancers. 

23. Use according to claim 22,, wherein said disease is associated to at least a 
point mutation in a human breast cancer predisposition gene (BRCA)* 

24. A composition including at least a compound able to xmdergo specific base 
pairing interaction at a concentration of at least 1 g/1 and a polymer, wherein the compound 
is as defined in any one of the claims 7 to 14 and the polymer is as defined in anyone of 
the claims 19 to 21. 

25. A composition including at least a DNA fragment having a nucleic 
sequence related to a gene on which point mutation(s) has been associated or putatively 
associated with a disease or an increased predisposition to a disease, and at least a 
compound able to undergo specific base pairing interaction at a concentration of at least 
lg/1, wherehi said compound is as defined in anyone of the claims 7 to 14, 
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26. A composition including at least a compound able to undergo specific base 
pairing interaction at a concentration of at least lg/1, and a pair of molecules or groups 
acting as a DN A probe called "molecular beacon", wherein said compound is as defined in 
any one of the claims 7 to 14. 

27. A kit useful for the screening of a nucleic acid or analog thereof having a 
sequence related to a gene on which point mutation(s) has been associated or putatively 
associated with a (fisease or m increased predisposition to a disease, said kit comprising at 
least a composition according to claim 24. 

28. A method for assaying a nucleic acid for mutation comprising at least the 
steps consisting in: 

performing a polymeiase chain reaction on said nucleic acid in the 
presence of at least two primers and a pool of compounds able to undergo specific base 
pairing interaction with nucleotides or analogue thereof, said compounds being at a 
combined concentrdtion of at least 1 g/1 and being unable to mterfere with the polymerase 
chain reaction and, 

analyzing and/or quantifying the so-obtained DNA fiagments. 

29. The method according to clahn 28, wherein the compound is as defined in 
any one of the claims 7 to 14. 
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ABSTRACT 



The present invention relates to a method for assaying the presence or the 
absence of at least one mutation on a strand of nucleic acid paired in a duplex form 
comprising at least the steps of contacting said duplex with at least one compound able to 
undergo a specific base pairing Interaction with suspected mismatch and assaying for said 
mismatch by an analytical mediod. The invention fiirtfaer relates to the use in the diagnosis 
of predisposition to g^etic diseases and cancers and in the diagnosis and prognosis of said 
diseases and cancers, like human breast cancer. The Invention also relates to compositions 
including a compound able to undergo specific base pairing interaction, in association with 
a DNA fiagment having a nucleic sequence relating to a gene on which point mutation(s) 
has bcGSi associated or putatively associated with a genetic disease or an increased 
predisposition to said disease. 
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FIGURE 3 
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FIGURE 6 
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